Abstract-Halabja city in Iraq has faced drastic landscape change since the Iraq-Iran war, especially when this city and the surrounding areas were attacked with chemical bombs in 1988. This paper illustrates the results of land use/cover change in Halabja obtained by using multi-temporal remotely sensed data from 1986 to 1990. The support vector machine supervised classification technique was used to extract information from satellite data, and post-classification change detection method was employed to detect and monitor land use/cover change. Derived land use/cover maps were further validated by using high resolution images derived from Google earth. The results from this research indicate that the overall accuracy of land cover maps generated from Landsat Thematic Mapper (TM) data were more than 89%. The urban areas and vegetation classes decreased approximately 58.7% to 40.7% between 1986 and 1990, while bare land increased 25.4%. Also, some changes in urban areas were detected that have already been identified as bombed areas particularly around the main roads of Halabja city.
INTRODUCTION
Change detection can simply be defined as the process of identifying differences on the earth's surface covers over time [1] . Information on the earth's surface Land use/ land cover (LULC) changes are becoming more and more important in monitoring the local, regional and global resources and environment. Knowing about LULC changes is a key toward understanding the earth as a system, and to identify why and where changes have occurred [2] [3] .
LULC changes can be extracted efficiently from remote sensing data, because there are large collections of past and present remote sensing images making it possible to analyze the impact of human activities on LULC in the past decades [4] [5] . Several techniques have been developed and evaluated to perform, monitor, identify, describe, and quantify LULC change detection using remote sensing imagery [6] . These include but are not limited to, image differencing, image ratioing, image classification techniques and so on. However, there are two basic methods: post-classification comparison and pixel-to-pixel comparison [7] .
Post-classification is the most widely used technique in change detection studies. It determines the difference between independent classified images from each of the dates [8] . However, the accuracy of the post-classification comparisons of land cover is dependent on the accuracy of single initial classifications through time [9] . It minimizes data acquisition errors, image noise and sensor differences problems [9] . It is the only method that provides 'from-to' change information and the kind of landscape transformations that have occurred can be easily calculated and mapped [10] . Nevertheless, such post-classification techniques are particularly useful for generating 'from-to 'maps, which can be used to clarify the magnitude, location and nature of the changes shown [11] . In addition, this technique can be employed using data acquired from sensors with different spatial, temporal and spectral resolutions [9] [10] [11] [12] . Therefore, it is necessary to critically evaluate classification accuracy of different time images prior to employing the classified data in change detection studies. Image classification is a task of image analysis in order to categorize or assign all pixels in the digital satellite images to process a given set of classes or themes of and cover classes [13] . Since 1970s, various classification approaches have been developed and employed to extract and monitor LULC information and changes [14] , although there are two classification methods known as supervised and unsupervised [15] .
The main objectives of this study are 1) to assess the effectiveness of Support Vector Machine (SVM) supervised, a classification algorithm to detect LULC changes from multitemporal Landsat imagery; 2) to identify what land cover changes have occurred; 3) to answer this question: can we locate bombing places as a result of shelling by chemical weapons using classification change detection techniques?
II. STUDY AREA AND DATA ACQUISITION

A. Study Area
Halabja city is a Kurdish city in the northern part of Iraq, located about 240 km northeast of Baghdad. It is located within 35°10'59.73"N latitude and 45°58'59.05"E longitude (Fig 1) , an 978-1-4673-5968-9/13/$31.00 ©2013 IEEE 2013 IEEE Business Engineering and Industrial Applications Colloquium (BEIAC) area of about 5363ha. Topographically, it lies on the southwest Sharazur plain, surrounded by the Hawraman Mountain on the north and Balambo Mountain and Darbandikhan Dam on the south [16] [17] .
Toward the end of the Iran-Iraq war on March 16, 1988 , Halabja city and the surrounding areas were attacked with chemical bombs, which were dropped by Iraqi airplanes [18] . The attack is believed to have included Tabun, Sarin, VX, and Mustard Gas, and there is evidence that Cyanide Gas was also included among these chemical weapons [19] . At least 5,000 people died as an immediate result of the chemical attack and it is estimated that about 7,000 people were injured or suffered long-term illness. Most of the victims were Kurdish civilians [20] . After the attack all people moved out and deserted the area.
The climate in this city is typified by hot summers with temperature ranging from 15 C° to 35 C° and sometimes can hit up to 40 C°; it is bitterly cold in the winter and moderate in other seasons. Precipitation varies between 700 and 3,000 mm of rain per year on the high plateau between the mountain chains. Despite this, much of the region is fertile area covered with forest vegetation and Halabja city has historically exported grain and livestock. Especially, mountainous region with a cold climate can get adequate annual precipitation to keep up temperate forests and shrubs. Valleys and Mountain chains are forested, harbor pastures, mainly firs and other conifers, oaks, Platanus, willow, and poplar [16] 
B. Data
The multi-temporal dataset consists of two Landsat TM images patch 168, row 36 captured on June 14, 1986 and June 9, 1990 (Table 1 ) and one image from Landsat 7 ETM+ captured on June 28, 2000 used as a base image during geometric correction. These images were acquired freely from the Earth Resources Observation Science (EROS) Center and the Global Land Cover Facility (GLCF) site in the same season in order to minimize the impacts of seasonal differences of vegetation [21] .
The spatial data such as administrative boundaries, roads, railroads, representing the Halabja area were obtained from the DIVA-GIS website (http://www.diva-gis.org/Data) free of cost as shapefiles were used to create classification masks to exclude areas outside of Halabja from the analysis while the GPS data representing the places shelled by chemical bombs were provided by View Group Company as shapefiles (http://www.view-group.net) III. METHODOLOGY
The overall methodology of this study is briefly presented in Figure 2 .
A. Pre-Processing
Prior to analysis, the images were pre-processed. Firstly, digital numbers were converted to reflectance and co-registered using image to image based on Landsat 7 image with a root mean square error (RMS) of less than 0.5 pixels. Output images composed of 30 x 30 m pixel were resampled, using near neighborhood and projected to a UTM zone 38. All preprocessing operations were performed on the six Landsat TM bands. Halabja city and its surrounding area were extracted for full scenes by subsection to 295 columns by 202 lines. Finally, atmospheric correction was performed using a basic dark object subtraction method [22] . All image processing and statistical computation were carried out using ENVI 4.8 and Arc Map 9.3 software.
B. Image Classification and Accuracy Assessment
In order to generate thematic maps for the desired study area for both years 1986 and 1990, the support vector machine (SVM) supervised classification was applied to identify the class associated with each pixel. There are three steps involved: training, running classification algorithm, and accuracy assessment. For supervised classification, training sides are needed. Therefore, the areas were established using polygons and were delineated by spectrally homogenous sub-areas, which have given class names.
Once the training sites and classes were assigned, classification signature files were subsequently created and selected totaling three classes in this study (Vegetation, Urban Area, and Bare land). After evaluating and adjusting the signatures they were used by support vector machine (SVM) supervised classification to classify the images. Through using SVM some parameters had to be considered. In this study, the radial basis function (RBF) Kernel method was chosen. To use the RBF kernel in ENVI 4.8, the two Gamma and C parameters must be put. Little information exists in the literature on how to identify these parameters; therefore, through a process of trial and error, the values chosen for gamma and C parameters were 0.167 and 100 respectively.
In the resultant classified images by SV tool may misclassify certain cells (random small invalid regions -salt and pepper effec classification processing was necessary espe final accuracy assessment because po processing serves to smooth the classes i making it more suitable for analysis and accuracy. The Majority Analysis was perform unclassified pixels within a single class into method, a kernel size of 3×3 was specified a pixel weight of value one, which was repla values of the kernel of the majority class. T es showed much cleaner than ments were carried out using a order to compute the probability s. A total of 640 random points s for 1990 image were assessed. were tested, namely overall ppa coefficient. The error matrix e measure of accuracy between sified and the training side of the m of accuracy; it is widely used e degree of correctness of a map
C. Change Detection
Change detection statistics were used to compile a detailed tabulation of changes between two classification images. To perform change detection over a four-year time period, the post-classification comparison change detection technique was chosen. This technique is widely used because it is easy to understand and requires final classification maps with the highest accuracy possible to be compared pixel-by-pixel. One of the great advantages of the post classification technique is that it allows the analyst to identify the nature of the changes occurring in the study region [4] .The classification maps of Halabja city are created to the highest accuracy possible. In ENVI 4.8, change statistics and change masks for each class in each image are produced. Change masks were used to show what each class in the initial state image changed to in the final state image.
IV. RESULTS AND DISCUSSION
The results of this study are shown in Tables 2, 3 Meanwhile, in terms of both the producer's and user's accuracies, all classes exceeded 93 %, while for the 1990 image, overall accuracy and Kappa coefficient were 89.6% and 0.823 respectively, whereas, user's accuracy and producer's accuracy for all the classes exceeded 90% except for the vegetation class. This implies that the classification was achieved with the highest accuracy using support vector machine (SVM) classifier. Upon inspection of the results, it was determined that the bulk of the decrease in agricultural land was due to the closing-off of these areas after bombing and leaving agricultural or fields uncultivated. Moreover, the total area of urban class changed to other classes total 385 ha from 1986 to 1990 while vegetation is about 499 ha, thus leading to increase in bare areas of about 884ha during the same period.
Visual inspection of the class mask images allows the analyst to see where the changes quoted in the statistical change detection report occur in the class geographically and how classes have changed. Most of these changes occurred in the urban areas (see Figure 3C ). This figure illustrates the urban area class mask which shows the changes of the urban area into other classes. It can be noticed, that the urban area built in 1986 was an agricultural or bare land in 1990. This change in urban areas is even greater, suggesting that previously urban areas had now seen sufficiently shrinkage or reduction to be classed as bare land. After overlaying bombing points as a vector layer on urban area class mask, it is easy to notice that bombing places are the same places where the urban areas have been changed.
V. CONCLUSION
Two Landsat 5 TM images over a four-year time period from 1986 to 1990 were used for examining land cover change in Halabja city, Iraq by applying SVM supervised classification algorithm. Land cover maps of Halabja city were created for each image at an average accuracy of 93% with an average Kappa coefficient of 0.85. Based on standards quoted by Treitz and Rogan [23] , land cover map accuracy should range between 85% and 90% for LULC change detection study. Thus, the accuracy levels achieved with the SVM classification were ideal for the study of land cover change at a regional scale for this study area. The post-classification change statistics and change masks produced using ENVI 4.8 were ideal to examine changes in three land cover classes and to disregard the changes from 1986 to 1990. Change was examined across all three land cover classes: urban area, agriculture, and bare land. The main overall change trend was the decrease in urban area and agricultural classes, vice versa the bare land class increased by 884 ha from 1986 to 1990. The examination of vegetation class was unique since the dates of the images used in the study covered same time periods in the growing season. There was much change from agriculture area to bare land, while for the urban area, the purpose of this work was to examine urban area change rather than focus on whether it increased or decreased but on where changes are and can be detected as bombed areas. This was the most important finding if a bombed place is the same urban area that has changed. Note: Area in hectare (ha)
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